Objectives: Transition planning for children with chronic disease includes the development of independence in many self-management tasks. Conditions that depend on diet have distinct skill sets not well assessed by the traditional transition-readiness tools. There has been literature that describes age-appropriate skill acquisition for diabetes and food allergy patients. There are, however, no age-appropriate benchmarks established for celiac disease (CD). Methods: CD experts (including physician, nurse, dietician, social worker, patient, and parent) created a list of celiac-related tasks, which formed the basis of the survey. Patients with CD, and their parents, were recruited from outpatient celiac clinic and support groups, and invited to report the age each task was mastered. Results: Respondents included 204 patients and 155 parents. Mean age was 12 years (standard deviation 4.6) with average of 4 years since diagnosis. The earliest tasks were mastered by a median age of 8 years, such as recognizing GF as gluten-free, eating safely in a shared space and recognizing basic unsafe foods. Describing the effects of eating gluten or explaining CD to a friend or stranger occurred around age 10. Asking about gluten-free preparation in a restaurant, and identifying gluten-free medications or vitamins was mastered around age 12, whereas tasks involved with safe domestic travel or assessing risk in a job environment occurred between 14 and 16. The interquartile range was about 4 years for each question. No significant difference seen between patient and parent reports. Conclusions: This novel patient-centered celiac skill list may improve anticipatory guidance and accelerate self-management skills.
C eliac disease (CD) is an autoimmune disorder often diagnosed in childhood. Treatment consists of adherence to a strict gluten-free diet, which requires constant vigilance (1-3). Self-monitoring and self-management are important tasks for these patients. Expectations around when parents should step back and children should step forward to manage these tasks independently have not been explored for CD. Studies of children with other conditions which are managed by dietary modification, such as diabetes and food allergy, have described the times when parental involvement declines (4) . In this study, we sought to establish a timeline for mastery of tasks related to following a gluten-free diet that is based on patient and parent experience. Our hypothesis is that these tasks are mastered at a far earlier age than is captured by typical transition planning.
Patients with CD have varying experiences with attention to food preparation and consumption. Our secondary hypothesis was that exposure to dietary concerns through diabetes, or food allergies and other family members with celiac, would accelerate the age of mastery. We evaluated whether factors such as sex, method of diagnosis, age of diagnosis, exposure to food restrictions in the family, or concurrent dietary issues such as allergy influenced the age of mastery. We also explored whether patients and parents had similar ideas about timing. All of this information can be used to create educational tools and develop anticipatory guidance for patients and families with CD.
METHODS
A multidisciplinary group of CD experts-including CD dieticians, CD social worker, pediatric gastroenterologists, parents
What Is Known
Self-management (transition) is important for patients with chronic conditions. Timing of transition assessment is recommended at age 12 to 16.
What Is New
Celiac-related skill mastery starts early, with median age of 8 years. Skills are mastered slowly throughout the adolescent years. Parents and patients tend to agree on timing of skill mastery. Novel listing of discrete required skills may help with patient education.
of children with CD, and adults with CD-collaborated to develop a list of tasks specific to CD self-management. Using this list as a guide, parallel surveys for patients with CD and their parents were developed with items related to the age at which the patient mastered a specific task. Children and parents were also asked at what age they thought an ''average child with CD'' mastered each task. This strategy was employed to mitigate both potential bias regarding self-assessment and the potential confounder of age at diagnosis. Demographic information was also collected, including age, sex, age at CD diagnosis, whether the patient had biopsyconfirmed CD, comorbidities, and family history of CD, diabetes, or food allergies.
Consecutive patients with CD older than 4 years were recruited in outpatient clinics at Boston Children's Hospital between March 2016 and January 2017. Included patients were being seen for ongoing care and had been on the gluten-free diet for at least 2 months. Exclusion criteria were recent diagnosis of CD (within 2 months), developmental delay that would preclude answering questions, and inability to understand English. Parent and patient numbers do not match as some parents had more than 1 child with celiac, and patients older than 18 years were not always accompanied by a parent.
Participants were also recruited through an email announcement to the Celiac Support Group at Boston Children's Hospital. All surveys were anonymous and voluntary. Implied consent, through returning the surveys, was explained in the accompanying letter. The parental survey, which implied consent for use of patient's survey responses, was required for patients younger than 18 years. This study was approved by the Boston Children's Hospital Institutional Review Board.
All statistical analyses were performed using Statistical Analysis Systems statistical software package version 9.4 (SAS Institute, Cary, NC). Paired t test was used to examine the difference in age of mastery reported by patients and their parents. Analysis of covariance was used to test differences in age of mastering a specific skill across sex (girl/boy), history of diabetes (yes/no), history of food allergy (yes/no), family history of CD (yes/no), diabetes (yes/no), and food allergy (yes/no). Age of CD diagnosis was included as a categorical as a covariate (<12, !12 years old). A P value of 0.05 was considered significant. We did not conduct multiple comparisons adjustment for P values, because we are testing 1 hypothesis and all the outcome variables are intercorrelated, reflecting age of mastering CD-related tasks. Incomplete surveys were included in the analysis, noting the number who answered each question.
RESULTS

Demographics
Responses were received from 204 patients and 155 parents. The mean age at diagnosis was 7.6 and average years since diagnosis were 4 years ( Table 1) . Almost 75% were girls. Comorbid diabetes mellitus or food allergy was uncommon (8% and 13%, respectively), but many had a family member with CD (33%) or food allergy (22%).
Tasks
The earliest tasks were mastered by a median age of 8 years, such as recognizing GF as gluten-free, eating safely in a shared space and recognizing basic unsafe foods (Table 2 ). Describing the effects of eating gluten or explaining CD to a friend or stranger occurred around age 10. Asking about gluten-free preparation in a restaurant, and identifying gluten-free medications or vitamins was mastered around 12 years of age, whereas tasks involved with safe domestic travel or assessing risk in a job environment occurred between 14 and 16. The interquartile range was about 4 years for each question.
There was agreement between patient and parents regarding what an ''average child with CD'' (others) would do. Patients and parents report ''others'' as mastering most tasks at a slightly earlier age than the age of mastery for the patient, although this difference was not significant (Table 3) .
Factors
Girls seem to master tasks slightly earlier than boys, but the difference does not reach statistical significance. Age of diagnosis does affect mastery, in that patients with later diagnoses estimate older ages of skill acquisition. Patients with personal or family history of diabetes tended to estimate older ages, whereas patients with personal or family history of food allergy or family history of celiac estimated younger ages, compared with food attention-naïve patients. None of the comparisons, however, reached statistical significance (supplemental Tables 1 and 2 
DISCUSSION
Overall, pediatricians and pediatric specialists are increasingly aware of the need for a gradual transition process from pediatric to adult-based health settings (5). This is true for a wide variety of special health care needs, and gastrointestinal conditions are included. There is a specific consensus that celiac patients need assume responsibility for self-care from their parents (6,7). The general timelines for transition start around the age of 12 (8) or 16 years (9) and our results show that many tasks for diet-based selfmanagement are mastered at a far younger age. This would make sense as children are involved in meals at preschool, elementary school, and social settings such as birthday parties at a young age, and parents are not always present.
There is literature on 2 similar conditions that involve dietary modification, food allergies, and type 1 diabetes. One survey of pediatric allergists described the age at which they expected patients to recognize symptoms of a reaction, ages 9 to 11, and when to be responsible for carrying the epinephrine and knowing how to use it, ages 12 to 14 (10) . A similar study, however, looked at caregiver , comparing self-management of CD between patients and other children with CD, reported by patients. P perspectives and found they expected much younger ages, with recognition around 6 to 8 years of age and 6 to 11 for epinephrine administration (11) . For children with type 1 diabetes, the recommendation is to gradually allow children to take responsibility with insulin injections to be able to do the injections around the age of 10 to 12 years (12,13). One study looked at the various components of injection, from mounting the needle to pinching the skin to holding pressure at the site (14) . The ability to adjust the insulin dose is noted at 10 to 12; however, the number of mistakes in insulin calculation does not fall until about the age of 16 years.
Many position papers on CD describe the need for a gradual transfer of self-care from child to adolescent to adult patient but describe general tasks such as ''communication with providers'' or ''establishing familiarity with the healthcare system'' (6, 9) . The tasks inherent in adherence to a gluten-free diet are not further expounded. One celiac support Web site delineates beginning, intermediate, and advanced self-management skills (15). These are described in broad terms. For example, initial skills include ''avoid gluten exposure,'' ''develop a food intake plan,'' and ''establish a partnership with a medical team that includes a nutritionist.'' Intermediate skills included ''assessment of indeterminate or conflicting information.'' There is a paucity of literature with more specific tasks or with the age-appropriate timelines for mastery.
The importance of self-management is compounded by the recognition that adult gastroenterologists may perceive celiac as less important than inflammatory bowel disease or colon cancer and thus have limited knowledge to pass on to patients. In 1 study, dietary counseling for 698 adult patients with CD was considered insufficient for 28% from the physician and 12% from the dietician and qualitative data reported physician lack of knowledge and underestimation of the disease (16) . In another study of 168 Canadian children with CD, the gastroenterologist information was considered excellent by only 44%, and the dietician by 36% compared to 63% for the celiac Web site information (17) .
Adherence to a gluten-free diet is often not recognized as a complex and multifactorial process, which involves far more than whether patients choose to follow the diet or not. Barriers to glutenfree diet adherence include cost, availability particularly outside the home, and knowledge about the gluten-free diet. There are psychological costs as well, with children feeling isolated or different (17) . Adolescents with celiac have described the stigma that they feel with this special diet (18) . Our survey, which looks at mastery, combines knowledge and social skills required to navigate specific tasks.
Personal factors such as symptoms with exposure, familiarity with dietary cautions, duration of disease, and manner of diagnosis may affect the timing of task mastery. We looked at whether exposure to dietary cautions, through family or personal history of allergy, diabetes, or celiac, affected the time of mastery. We also looked at duration of disease. It would be interesting to explore whether symptoms with gluten exposure played a role in earlier mastery, as one may expect with the immediate negative feedback from the physical symptoms. It is possible that the later ages found in the diabetic patients reflected a large number of patients found by asymptomatic screening. It is, however, also possible that the focus on diabetic management took precedence over gluten avoidance. This would be interesting to explore further in another study.
Limitations
This is a single-center study and thus may have less generalizability. Patients attending a celiac clinic or involved with a celiac support group are likely to be more focused on adherence and may have younger ages of mastery. Larger and more diverse celiac populations should be studied. Despite the anonymity of the survey social desirability bias could skew the results; however, we tried to mitigate with asking about ''an average child.'' The fact that parents tended to assume ''the average child'' or ''other'' could learn faster than the patient, and the general agreement between parent and patient-reported ages implies that this desire to please may be a minor factor. We note that report of mastery may not correlate with actual mastery and we did not compare responses with other measures of adherence. We did not calculate a response rate which again limits the generalizability. We did not assess which patients had symptoms with dietary indiscretion, as this may hasten learning. Because patients are diagnosed with celiac at different ages, this study was not designed to specifically tease out the learning curve after diagnosis from age-appropriate developmental mastery. Another study is currently underway in adults to help answer the learning curve question.
CONCLUSION
This is the first study to carefully examine patient and parentreported timelines for mastery of celiac specific self-management tasks. These data can help inform all key stakeholders in guiding education and expectations to help patients with celiac learn important elements of self-management.
